Mutations in CCNO result in congenital mucociliary clearance disorder with reduced generation of multiple motile cilia.
Using a whole-exome sequencing strategy, we identified recessive CCNO (encoding cyclin O) mutations in 16 individuals suffering from chronic destructive lung disease due to insufficient airway clearance. Respiratory epithelial cells showed a marked reduction in the number of multiple motile cilia (MMC) covering the cell surface. The few residual cilia that correctly expressed axonemal motor proteins were motile and did not exhibit obvious beating defects. Careful subcellular analyses as well as in vitro ciliogenesis experiments in CCNO-mutant cells showed defective mother centriole generation and placement. Morpholino-based knockdown of the Xenopus ortholog of CCNO also resulted in reduced MMC and centriole numbers in embryonic epidermal cells. CCNO is expressed in the apical cytoplasm of multiciliated cells and acts downstream of multicilin, which governs the generation of multiciliated cells. To our knowledge, CCNO is the first reported gene linking an inherited human disease to reduced MMC generation due to a defect in centriole amplification and migration.